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EFFECT OF LEADING-EDGE CHORD-EXTENSIGNS ON SUBSONIE
AND TRANSONIC AERODYNAMIC GHARAGTERISTICS
OF THREE MODELS HAVING 45° SWEPTBACK
WINGS OF ASPECT RATIO 4

By Kenneth W. Goodson and Albert G. Few, Jr.
SUMMARY

An investigatlion has been mede to determine the effect of leading-
edge chord-extensions on high-1ift pitching moment and on performance
characteristics at subsonic and transonic speeds. Three models were
used, each having wings of identical geometry: 15° sweepback, aspect
retio 4, taper ratio 0.3, and NACA 65A006 sirfoil sections. The optimum
inboard-end locetion of the chord-extension (0.65b/2) from considerations
of low-speed high-1ift longitudinal stability characteristics was
selected from & study of a wing-alone model in the Langley 300 MPH T~ by
10-foot tunnel. This optimum configuration was Ilncorporated into a wing-
fuselage model and investigated in the Langley high speed 7- by 10-foot
tummel to Mach numbers of the order of 0.93. This investigation indi-
cated thet the longitudinal stebility characteristics of the model showed
improvements which decreased as a Mach number of Q.90 was approached.

In addition, some date were obtained at high subsonic Mach numbers with
& full-chord fence mounted at the same spanwise position as the inboard
end of the optimum chord-extension. This fence was less effective than
the chord-extension. The chord-exftension inecressed the minimim drag
very slightly at Mach numbers above 0.80, but generally improved the
dreg characteristics at high 1ift coefficients. Data also were obtained
through a Mach number range of approximately 0.6 to 1.10 by the use of

a small semispan model. The results of this investigatlion agreed queli-
tatively with the larger wing-fuselage-model results in regerd to bene-
ficial effects of chord-extensions on the pitching-moment characteristics
below a Mech number of 0.93. Moreover, with the exception of a Mich
number of 0.95, the small semispan-model results indicated benefitg up
to the highest test Mach number (1.10). Increasing the overhang of the
chord-extension from 10 to 15 percent of the mean serodynemic chord
resulted in further improvement in the higher-1ift pitching-moment char-
acteristiecs at all Mach numbers investigated but slso caused a larger
forward shift in aerodymamic center et low 1ift coefficilents.

o
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INTRODUCTION

Many current alrplane desligns having thin sweptback wings have
exhibited undesirable stability characteristics in the high-1ift range
as a result of flow separation over the wing tips. Flow surveys have
shown that tip sepsretion 1s strongly Influenced by e leading-edge sepa-
retion vortex being generated on the upper surface of the wing. (See
refs. 1, 2, and 3 for more details on this type of flow phenocmena.) Low-
speed wind-tunnel tests (refs. 3 and 4) have shown that the high-lift
stability characteristics could be improved by causing the leasdling-edge
separation vortex to shed from the wing before growing large enough to
cause tilp separetion. This controlled shedding of the leading-edge vor-
tex can be effected by use of a physical barrier such as a fence or by a
chordwise discontinulty such as a chord-extension, which seems to provide
an eserodynemic barrier to the growth of the leading-edge vortex.

Although low-gpeed results of severel investigatlions of chord-
extensions are aveillable, little information exists pertaining to the
effects of chord-extensions on high-~subsonic and transonic aserodynamic
characteristicas. The purpose of the present investlgation, therefore,
was to determine to what extent the geains realized through the use of
chord~extengions at low speed are retained throughout the subsonic and
transonic speed range. In thils investigation it was found expedient to
use three models of identical wing geometry; that is, 450 sweepback,
aspect ratio 4, taper ratio 0.3, and NACA 65A006 airfoil sectioms. The
optimum low-speed lnboard-end location of the chord-extension was devel-
oped from & study of a wing-alone model in the Langley 300 MPH T- by
10-foot tunnel. This optimum configuration was incorporated into a
wing-fuselage model and investigated in the Langley high-speed 7- by
10-foot tunnel to Mach numbers of the order of 0.93. The high-speed
results were further extended to a Mach number of 1.10 by use of a small
semlispan wing model. In addition, some comparative data were obtained
at high subsonic speeds with a full-chord fence fixed on the wing-fuselage
model at the same location as that used for the inboard emnd of the
leading-edge chord-extension. A partisl summary of the present investi-
gation is included in reference 5.

SYMBOLS
cr, 1ift coefficient, Ligt
Q
Cp dreg coefficient, Qggs
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pitching-moment coefficient referred to 0.25C,

m
Pitching moment
qSE
Cg root bending-moment coefficient due to lift, Bendin,g I;Loglent
i22
(L/D) ey maximum 1ift-drag ratio
S wing area based on wing ares wlthout chord-extensions, sq ft
b/ 2
¢ mean aerodynsmic chord of wing, -g— f czdy, ft
0
¢ local wing chord, parallel to plane of symmetry, £t
b wing span, ft
Y spanwlise distance from plane of symmetry, £t
Ye.p. lateral center of pressure, percent semispan, 100 gli,
where Cpg 1is measured from Cp =0
i
a effective dypsmic pressure, —-, 1b/sq ft
gir density, slugs/ cu £t
v stream velocity over span of model, :E‘t/ sec
M effective Mach number over span of model
M, local Mach number
Ma average chordwlse Mach number
R mean test Reynolds number of wing based on ¢
o angle of attack of fuselage center line and wing chord

line, deg
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MODELS AND APPARATUS

The wings tested had 15° sweepback referred to the querter-chord
line, sn aspect ratio U4, taper ratio 0.3, end NACA 65A006 airfoil sec-
tions parellel to the free stream.

A wing-alone configuration, tested in the Langley 300 MPH T- by
10-~-foot tunnel on a single-strut support, Iincorporated chord-extensions
having 0.108 overhang and various inbosrd-end locations. (See fig. 1.)
The chord-extensions were fabriceted in such a manner as to maintain the
original contour of the wing-nose section. One chord-extension, heving
& 0.108 overhang at its inboard-end (0.65b/2 position) and tapering to
zero overhang at the tip, also was tested. (See fig. 1{a).)

The chord-extension heving an optimum lnboard-end location of
65-percent wing semispan (as determined from a consideration of low-
speed longitudinal stability characteristics) and a 0.108 overhang was
incorporated on a wing-fuselage model and was tested on the sting support
in the Langley high-speed T- by 1l0-foot tunnel (fig. 2). The chord-
extension of this model was made by cutting the wing along the 0.20c line
and using an insert to extend the nose section forwerd 0.10&8. The two
segments of the airfoil (nose and trailing-edge sections) were faired

as shown by figure 2(a). A i%-—inch-thick dural fence (fig. 2(a)),

located at the 65-percent semispan position of the wing, was also tested
on the wing-fuselage model. Fuselage ordinates for the model are given
in table I.

In order to extend the Investigation to higher transonic speeds, a
smell semispan wing-alone model (fig. 3) was fitted with 0.10% and 0.15&
chord-extensions (inboard end located at the 65-percent semispan posi-
tion) and wae tested in the presence of a reflection-plane plate in the
Langley high-speed T- by 10-foot tumnel. It should be pointed out that
the reflection-plane model had previously been used in several investi-
gations in whilch parts of the model were physically altered and that this
model was restored as closely as possible to its original condition.

The chord-extengions of the semlspan model were fabricated by soldering
a sheet-metal "glove" over the wing leading edge in such a manner as to
maintaein the thlckness distribution of the original nose sectlon. The
glove was faired tangent to the original airfoll section as shown in

figure 3(a).
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TESTS

Wing-Alone Model

The wing-alone model waa tested on the single-strut support in the
Langley 300 MPH 7- by 10~foot tunnel at a Mach number of sbout O.17,

which corresponds to a Reynolds number of about 1.62 X lO6 based on the

mean sercdynemic chord of the wing for average test conditions. Tests
were made through an angle-of-attack range from about -4° to 30°.

Wing-Fuselage Model

The sting-supported wing-fuselage model wag tested in the Langley
high-speed T- by 10-foot tunnel through s Mach number range of approxi-
metely O0.40 to 0.93 and through an angle-of-attack range of sbout -2°
to 24O, The varistion of Reynolds number through the Mach number range
is shown in figure k.

Semispan Model

The small semispan model was tested in the Langley high-speed T7- by
10-foot tunnel through a Mach number range of approximately 0.60 to 1.10.
The model was mounted on & reflection-plane plaste (fig. 3(a)) located
3 inches from the tunnel well in order to by-pass the tunnel-wsll bound-
ary layer. At the higher tunnel air speeds, the presence of the
reflection-plane plate created a high-local-velocity field which allowed
testing the smsll model up to a Mach number of about 1.10 before choking
occurred in the tunnel. The effective test Mach numbers in the longi-
tudinal plane were obtalned from contour charts similar to those shown
in figure 5 by the use of the relationship

/2

M=-§- . oM, dy

Gradients in the vertical plane were found to be smell. For a more

detailed deseription of the test technigues used in conjunetion with the
reflection-plane model, see reference 6.
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CORRECTIONS

With the exception of & fuselage base-pregsure correction to the
drag of the wing-fuselage model, no correctlons for model-support tares
have been applied to the present results. For the wing-fuselage model,
the corrected drag date are appliceble to a condition of free-stream
static pressure at the fuselage base. From past experience, 1t 1s
expected that the influence of the sting support used with the wing-
fuselage model 18 negliglble with regerd to 1lift and pitching moments.
The single vertical support used with the wing-slone model mey have head
slgnificant tare effects; however, such effects should not alter the
comparative value of results obtained with the various modifications.
It 1s assumed that no tare effects existed in the case of the smell semi~
span model. The date obtained from all three model setups have been
corrected for tunnel alr-flow misalinement.

Wing-Alone Model

In order to account for flow-constriletion effects with the wing-
alone model in the tunnel, blockege correctlons were applied by the
method of reference 7. The angle of attack and the drag data of this
model were corrected for jet-boundary effects by the method of refer-
ence 8. The jet-boundary correction to the pitching moment was con-
sidered negligible and therefore was not applied. Corrections for ver-
tical buoyency on the support strut and for longitudinsl pressure gradient
have been applied.

Wing-Fuselage Model

Blockage corrections were applied to the sting-supported wing-
fuselage model results by the method of reference 7. Corrections for
Jet -boundary effects to the angle of attack and drag were applied in
accordance with reference 8. The jet-boundary corrections to the pitching
moment were conslidered negligible and therefore were not applied.

Semispan Model

Blockasge and Jet-boundary corrections to the semispan-model data
have not been evaluated because the boundery conditions to be satlisfied
are not rigorously defined. However, lnasmuch as the effective flow
field is quite large compared to the model slize, these corrections are
believed to be small.
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RESULTS AND DISCUSSION

Presentation of Results

The results of the low-speed tests to select the optimum inboard-
end location on the wing-slone model are presented in figure 6. Data
obtained throughout the subsonic speed range on the wing-fuselage model
are presented in figure T, and the results of the smell-semispan-model
investigation at transonic speeds are glven in figure 8. Figure 9 pre-
sents a summary of some of the aerodynamic parameters obtained from the
various models.

As already polnted out the small semispan model had previously been
used in several investigaetlons in whieh parts of the model were physicelly
altered. 1In order to obtain some insight on the effects of chord exten-
sion et higher transonic speeds, this model was restored as closely as
possible to its original condition. Because of the low Reynolds number,
possible residual asymmetry associated with the restoration of the model,
and possible ilnaccuracies of installing the small chord-extensions, the
date obteined are considered to be of questionable guantitative value,
although the datse should be valid for gqualitstive interpretation.

Low-Speed Development

The results of the low-speed tests of the basiec wing-alone configu-
ration (fig. 6) indicate a pronounced unstable tendency at 1ift coeffi-
cients greater than 0.5. All leading-edge extensions Investigated
improved the high-1ift pltching-moment characteristies. However, of the
extensions investigated, an inboard-end location of 0.65b/2 appeared
about optimum in that it provided a fairly linear variation of Cp

with o or with Cj to the stall, with about neutral stability at the

stall. The improvement in the flow over the outbosrd wing sections wlth
chord-extensions instaelied is further shown by an increase in 1ift at
the higher angles of attack. The pitching moments noted at zeroc angle
of attack are belleved to be caused by model-support tares; however,
such effects should not elter the comparative velue of results obtalned
for the various configurations.

The effect of chord-extemsion plan form is shown in figure 6(b).
From the results, it appears that the tapered extension (having the same
inboard-end dimension as the optimum constent chord-extension but tapering
to zero overhang at the tip) retained most of the gains of the extension
with constant overhang. This result might be expected inasmuch as other
investigations (for example, ref. L) have indicated that the inboard-end
location of the chord extenslon largely determines 1ts effectiveness.
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High-Speed Cheracterilstics

Pitching moment.- The basic wing-fuselage model showed unstable
tendencies at 1lift coefficients above 0.5 throughout most of the sub-
sonic speed range (fig. 7) similar to that shown at low speeds for the
wing-alone model. Utilization of the chord-extension that was selected
from the low-speed lnvestigatlion delayed the instability to considerably
higher lift coeffiecients and angles of attack, although the deparbure
from linearity is stlll far from desirable. At Mach numbers near 0.9,
it appears that the gains due to the chord-extension are quite smell.
The effects of replacing the chord-extension with a full-chord fence
located at the 65-percent semispan position were also determined for
several Mach numbers, and i1t is apparent that the fence generslly is
somewhat less effective. Chord-extensions (0.108) or fences had essen-
tially no effect on the stebllity characteristice at 1ift coefficients
below 0.4 as shown by the wing-fuselsge results. (See fig. 7.)

The results of a transonic investigation on the small semispan
model having the same plan form as the wing-fuselage model are presented
in figure 8. The small model dsta with a 0.108 chord-extension are in
qualitative agreement with the wing-fuselage results at Mach numbers
below 0.9 and, except for M = 0.95, indicate Improved pitching-moment
charecteristics up to the highest Mach number (M = 1.10)}. Increasing
the overhang of the chord-extension from 0,108 to 0.15¢ resulted in
further improvements in high-1ift pitching-moment characteristies at all .
Mach numbers, particularly at the higher speeds. Increasing the chord-
extension overheng also moved the aerodynsmic center forward, and this
movement became progressively smaller with increase in Mach number.

(See fig. 8.)

Lift characteristles.- At the higher angles of attack, the increases
in 1ift coefficlient of the wing-fuselage model attributable to the exten-
sion are somewhat greater (fig. 7) than would be expected from considera-
tion of the lY-percent increase in wing area. The fence produced very
little effect on the 1ift characteristies. The effect of chord-extenslons
on the lift-curve slopes is shown 1in filgure 3.

Through most of the subsonic speed range, the data obtained wlth
the smell semispan model indicate that the 1ift coefficlents at a glven
angle of sttack are increased approximately in proportion to the area
ratlog in the high-lift range. At Mach numbers above M = 0.95, how-
ever, the gains In 11ft cocefficlent are slightly greater than lndlested
by the aree ratios. Although the small semispan model bending-moment
data (fig. 8) are rather scattered, it appears that the center of 1lift
is somewhat farther outboard (as shown by the lateral center-of-pressure
date (fig. 9)) for the wing with chord-extensions installed than for the
basic wing, particularly at the higher 1ift coefficients. This indi- N .
cates that a considersble portion of the geins in longitudinal stebility
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previously discussed are traceable to a larger proportion of the totel
load being carried by the wing tips. It should be further noted from
the bending-moment dsta that the structural design loads at the wing
root would be increased by the use of chord-extensions.

Drag charascteristics.- The results presented in figure 9 indicate
that addition of the chord-extension generally increased slightly the
drag at zero lift for the wing-fuselage model, particularly at high Mech
numbers. This increase is primarily responsible for the 20-percent
decrease in the meximum lift-drag ratio at M = 0.93. The limited wing-
fuselage fence date indicate a performance reduction simllar to that
obtained with the chord-extension at a Mach number of 0.9. At the higher
1ift coefficéients, the chord-extension improved the drag characteristies
for all models.

CONCLUDING REMARKS

An investigetion has been made to determine the effects of leading-
edge chord-extensions on high-1ift stebility characteristics and on per-
formance characteristics at subsonic and transonic speeds of models
having wings with 45° sweepback and aspect ratio 4. From tests of a
wing-fuselage model at high subsonic speeds, it was found that the opti-
mum chord-extension configuration (65-percent semispan inboard-end loca-
tion) developed from a preliminsry low-speed study produced geins in longi-~
tudinel stability at the higher 1ift coefficients that diminished with
increasing Mach number. At a Mach mmber of 0.90, the improvements were
quite small. A full-chord fence located at the same spanwise location
as the inboard end of the optimum chord-extension wes less effectlve in
improving the stebility than was the chord-extension. The chord-extension
increased slightly the minimum drag &t Mach numbers above 0.80 but gen-
erally improved the drag cheracteristics at high 11ft coefficients.

The results of a transonic investigetion of a small-scale semispan
model heving the seme plan form as that of the wing-fuselage model were
in qualitetive agreement with the large model results in regard to bene-
ficiel effects of chord-extensions on the pitching-moment charscteristies
below a Mach number of 0.93. Moreover, with the exception of the data
for a Mach number of 0.95, the smell-semispan-model results indlcated
galins up to the highest Mach number (1.10) ettained. Increasing the
overhang of the chord extension from 10 to 15 percent of the mean-
gerodynamic chord resulted in further improvement in the high-lift
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pitching-moment charscteristics at all Mach numbers investigated, but
also caused a larger forward shift in aerodynsmic center at low 1lift
coefficlents.

Langley Aeronautical Leboratory,
National Advisory Committee for Aeronautics,

Lengley Field, Va.
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TABIE I

FUSELAGE (RDINATES

[Basic fineness ratio 12; actual fineness ratio 3.8 achieved by cutting off
rear portion of body]
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X
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_J_ —
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in.
X r
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15 «179
'75 .257
1.50 1133
3.00 723
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6.00 1.183
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18,00 2.245
gi.oo 2:36%
.00 2.43
27.00 2.1,86
30 ooo 20500
33,00 2.;78
36.00 2.1
39.00 24305
112,00 2.137
Ll-9 .20 1‘60
L.E. radius = o .030
in.
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Physical Characteristics

Point of fangency
——*‘55:::52;;222225-—————— Wing
- ’ , Aspect ratio 4.00
loe _—‘ ¢ Area ,sqft 4.22

Section 4-A Taper ratio 030

Airfoil section parallel/
to free stream NACA 654006

(a) Geometric characteristics of test model. All dimensions are in inches.

Figure 1.- Wing-alone configuration.

extension



(b) Test model mounted on single support in the Langley 300 MPH 7- by
10-foot tunnel. '

Figure l.- Concluded.
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4}7@ oem‘arlfm\
Q25 chord line
_Llsy ’ .
Physical Characteristics (wimsg;;!:; _A; :\"fans o)
Wing 30.
Aspect ratio 4.00 !
Area,sq ft 225 .
Taper ratio 30 ﬁiqnui,'p»
Incldence ,deg o
Dihedral, deg o " 0%
Airfoil section parallef
to free stream NACA 654006 05¢ !
— e jr
c
P
Sectfion B-8
(with fence)

(a) Geometric characteristics of test model. All dimenslons are in inches.

Figure 2.~ Wing-fuselage configuration.
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(b) Test model mounted on the sting support in the Langley high-speed
T- by 10-foot tunnel.

Figure 2.- Concluded.
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T Tunnel wall

l e — 3264  — eflection plane plate
T S

065% =2758

4243

l 2.326x

Physical  Characteristics

ord-extensions

Wing area, Sq It 0625 c

4.0 ‘ l l
Aspect ratio Percent ¢
Taper ratwo 03 ke

R R —

Airfoil section parallel Point of fangency -
fo free stream NACA 654006 Section A-A

(a) Geometric characteristics of test model. All dimensions are in inches.

Figure 3.- Semlspan configuretion.
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{b) Test model mounted on the reflection plane plate
high-speed T~ by 10-foot tunnel.

Figure 3.- concluded.
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34

32 —

30 Wing-fuselage model —— | /

26 y

!R
™~

I\
N
™~

I8

Reynolds number , Rx/0"¢
N
Q
™~

N— Wing-alone model

/4

12

10 Semispan model —\

NACA,

4 L1 1
v 2 I 2 5 6 z N 9 o 1

Mach number , M

Figure L.- Variation of mean test Reynolds number with Mach number for
the various model configurations.
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Figure 6,- Effects of chord-extengions on the low-speed aerodynemic
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tip; chord-extenslon, 0.10¢; M = 0.17.
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